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FOREWORD 

This report is a description of the Whirlwind 
electronic digital computers under development at 
the Servomechanisms Laboratory of M. I. T. for 
the Office of Naval Research. The arithmetic na- 
ture and the physical nature of the computers are 
covered briefly, and the block diagrams for the 
prototype computer WWI are discussed in some 
detail. 

The report consists of two volumes: Volume 1 
contains the text and Volume 2 the drawings. 



LIST OF DRAWINGS 



Figure Number 


Drawing Number 


1 


A-30339 


2 


A-30445 


3 


A-30440 


4 


A-30441 


5 


A-30442 


6 


A-30443 


7 


A-30444 


8 


A-30446 


9 


A-30454 


10 


A-30452 


11 


A-3Q453 


12 


A-30400 


13 


A-30401 


14 


A-30402 


15 


A-30417 


16 


A-30410 


17 


A-30403 


18 


A-30355 


19 


A-30409 


20 


A-30404 


21 


A-30447 


22 


A-30448 


23 


A-30449 


24 


A-30450 


25 


A-30451 


26 


A-30406 


27 


A-30683 


28 


A-30686 


29 


C-37072 


30 


A-30433 


31 


A-30432 


32 


A-30685 


33 


A-30684 


34 


C-37099 


35 


C-37100 


36 


A-30682 


37 


C-37101 


38 


C-37102 


39 


C-37103 


40 


C-37104 


41 


C-37105 


42 


C-37106 


43 


C-37107 


44 


C-37108 


45 


C-37109 


46 


C-37071 


47 


B-37073 


48 


B-37070 



Title 



General Block Diagram 

Store Result 

Origin of Orders 

Setup Order 

Read Out Order 

Setup Operation 

Perform Operation 

Subprogram 

Electronic Switch 

Time Pulse Distributor 

Control 

Decimal Addition 

Binary Addition 

A Binary Adder 

Negative * Numbers 

Subtraction Using 9's Complements 

Decimal Multiplication 

Binary Notation 

Binary Multiplication 

Modified Binary Multiplication 

Multiplication I 

Multiplication II 

Multiplication III 

Multiplication IV 

Multiplication V 

Rounding Off 

Decimal Division 

Binary Division 

Arithmetic Element 

Accumulator 

Accumulator 

Shift and Carry 

Shift Left 

Clear and Add 

Add 

Arithmetic Check 

Clear and Subtract 

Subtract 

Multiply and Roundoff 

Divide 

Transfer to Storage 

Shift Right 

Shift Left 

Conditional Program 

Special Add 

System Block Diagram 

Control Functions 

Bus Connections 



LIST OF DRAWINGS 



Figure Number 


Drawing Number 


49 


B-37098 


50 


B-37058 


51 


B-37062 


52 


B-37067 


53 


B-37066 


54 


C-37077 


55 


C-37078 


56 


B-37076 


57 


B-37068 


58 


B-37075 


59 


C-37064 


60 


B-37057 


61 


B-37060 


62 


B-37061 


63 


• C-37072 


64 


B-37056 


65 


C-37063 


66 


C-37096 


67 


B-37069 


68 


B-37097 


69 


B-37074 


70 


B-37065 


71 


A-30874 


72 


B-37080 


73 


B-37081 


74 


B-37082 


75 


B-37083 


76 


B-37084 


77 


B-37085 


78 


B-37094 


79 


B-37086 


80 


B-37088 


81 


B-37089 


82 


B-37090 


83 


B-37091 


84 


B-37092 


85 


B-37093 


86 


B-37087 


87 


B-37001 



Title 



Control 

Master Clock 

Program Counter 

Program Register 

Control Switch 

Operation Matrix I 

Operation Matrix II 

Time Pulse Distributor Control 

Pulse Distributor 

Program Timing Matrix 

Storage Chassis Arrangement 

Flip-flop Storage Section 

Storage Output Section 

Flip-flop Storage Control 

Arithmetic Element 

Section of A-Register 

Accumulator Sections 

Accumulator Sections 

B-Register Sections 

B-Register Sections 

Step Counter 

Check Register 

Program Timing 

Timing for Add 

Timing for Clear and Add 

Timing for Subtract 

Timing for Clear and Subtract 

Timing for Multiply and Roundoff 

Timing for Multiply and Hold Full Product 

Timing for Divide 

Timing for Transfer to Storage 

Timing for Shift Right 

Timing for Shift Left 

Timing for Subprogram 

Timing for Conditional Program 

Timing for Transfer Digits 

Timing for Special Add 

Timing for Store & Display 

Parallel Digit Computer Codes 



ARITHMETIC 
ELEMENT 



-jr 



CONTROL 



- STORAGE 




DIGIT TRANSFER BUS 



OUTPUT 



Figure 1 
GENERAL BLOCK DIAGRAM 



COUNTER 



6T 



PR 


r i 


6T 




6T 


i l — 




1 


1 



SWITCH 



6T 



» STORAGE 



GT 



tl 



GT 



GT 



SWITCH 



OPERATION 
CONTROL 



GT 



GT 



ARITHMETK) 
ELEMENT 



Figure 2 
STORE RESULT 



ORIGIN OF ORDERS 



COUNTER 



STORAGE 



Figure 3 
ORIGIN OF ORDERS 



COUNTER 



GT 



SWITCH 



TT 



GT 



Figure 4 
SETUP ORDER 



STORAGE 



COUNTER 








D P 




SWITCH 






;rnoAec 






/ 




G 


T 






t 

GT 


♦ 

1 
1 
1 
1 

s 






t 

GT 

M 




" 

GT 




' 


1 
















" 





Figure 5 
READ OUT ORDER 



COUNTER * 



GT 



PR 



GT 

T 



GT 



±X 



SWITCH 



GT 



STORAGE 



GT 






GT 



SWITCH 



OPERATION 
CONTROL 



Figure 6 
SETUP OPERATION 













— 




































Ouuh i tn 


r i\ 


Swi i un 




biunAut 


'!_, 




t 




t 




'L_| 


6T 




GT 




GT 




GT 




GT 




T 


i 


,* *- 




" 


' 


-,' 


JL ^--' 




GT 




GT 


I 

1 


' 


' 








I 




SWITCH 




OPERATION 




ARITHMETIC 












CONTROL 












ELEMENT 







Figure 7 
PERFORM OPERATION 



COUNTER 



GT 



GT 

T 



PR 



it an. 



GT 



GT 



SWITCH 



GT 

T" 



STORAGE 



GT 



XX 



GT 

T" 



GT 



SWITCH 



OPERATION 
CONTROL 



rr 



GT 



GT 



ARITHMETIC 
ELEMENT 



\ 



Figure 8 
SUBPROGRAM 



Ebb 



"— VW- 



R 

f-AAAr- 



R 



R 
•— AAAr 



X 

X 



X 



x — X 



X 



-oe t 



-oe. 



-oe, 



HI 



iH 



HI 































1 j_ 


E cc 















Figure 9 
ELECTRONIC SWITCH 



9EBB 




CP 

— ■ ■»» 



4oH - 



DIODE 



MATRIX 



T L_T 




] is 



^GfT- 



-EB 



^fr}- 



-HGTJ 






-HIB- 



Figure 10 
TIME PULSE DISTRIBUTOR 



32 POSITION 



SWITCH 



FROM 



BUS 



GT 



ca 



cs 



su 



8 POSITION 
TIME PULSE 
DISTRIBUTOR 



CLOCK 

PULSES 



GT 



RESET 



#ZT 



*»3 



*4 



gtI+j 

"7 



GT 

T 



GT 

IT 



GT 



GT 

V 



Figure 11 
CONTROL 



3546 
1371 


48 17 
+ 1 



4917 



Figure 12 
DECIMAL ADDITION 



1 101 1010 

101 101 10 

/« /I /I 

'OIIOIIOO 

I I I 

lOIOOIOOO 

I 1 

100000000 

I I 

1 100 10000 



Figure 13 
BINARY ADDITION 



GT 



FF 



GT 



FF 



CARRY 



FF 



GT 



FF 



GT 



Figure 14 
A BINARY ADDER 



POSITIVE NUMBER 
NEGATWE »» 

10*S COMPLEMENT 
9'S •• 



DECIMAL 

\|777 

ijlTfr 



e»\NMi^ 

iiotun 

- W \\ \\ \ 

\|ootoooo\ 
tootooooo 



Figure 15 
NEGATIVE NUMBERS 



BINARY 
+0101 101 10 
-01 1010010 

0101 101 10 
100101 101 
111 10001 I 

-00001 MOO 



N, 
2-N 2 -l 



DECIMAL 
= 182 
— 210 
-28 



n,-n 2 — 28 



0101 101 10 
-010010010 

0101 I I I 
I0II0I 101 

^1000100011-^ 

END AROUND CARRV^ 

+ 1 



N, 
N 2 

N, 
2 n -N 2 -l 

N.-N^-l 



182 
+ 36 



000 1 00 1 00 - N-N 2 



- +36 



Figure 16 
SUBTRACTION USING 9'S COMPLEMENTS 



35 6 MULTIPLICAND 
627 MULTIPLIER 



42 




35 




2 1 




2-492 


PARTIAL PRODUCT 


1 2 




1 




6 




96 1 2 


PARTIAL PRODUCT 


36 




3 




1 8 





2 2 32 12 PRODUCT 

Figure 17 
DECIMAL MULTIPLICATION 



REPRESENTS POWERS OF 2 

MULTIPLICATION TABLE' 
1X1=1 

I x o = o 

0X0 = 

ADDITION: 

I + I =10 

1+0=1 
0+0=0 

BINARY COLUMNS^ 3^ X DECIMAL COLUMNS 
ONLY DIGITS I AND REQUIRED IN EQUIPMENT 

Figure 18 
BINARY NOTATION 



101 10 
1001 1 


MULTIPLICAND 22 
MULTIPLIER 19 


101 10 
1 01 10 


198 
22 


1000010 
00000 


PARTIAL PRODUCT 4-18 


1000010 
00000 


PARTIAL PRODUCT 


01 0000 10 
101 10 


PARTIAL PRODUCT 


1 10 1000 10 


**Al& PRODUCT 



STEP I 



STEP 2 



STEP 3 



STEP 4 



STEP 5 



Figure- 19 
BINARY MULTIPLICATION 



101 i o 
IQOI I 

io I i o 



MULTIPLICAND 
MULTIPLIER 

PARTIAL PRODUCT 



101 I O 
I 00 I 
101 IO 

101 I 



MULTIPLICAND 
SHIFTED MULTIPLIER 
SHIFTED PARTIAL PRODUCT 



I 0000 I PARTIAL PRODUCT 



IOI 10 
I 00 
100001 O 
00000 

I 0000 10 PARTIAL PRODUCT 



MULTIPLICAND 
SHIFTED MULTIPLIER 
SHIPTED PARTIAL PRODUCT 



101 10 
10 



I 0000 10 
00000 



MULTIPLICAND 
SHIFTED MULTIPLIER 

SHIFTED PARTIAL PRODUCT 



1 0000 IO PARTIAL PRODUCT 



10 1 10 
I 



MULTIPLICAND 
SHIFTED MULTIPLIER 



OIOOOOIO SHIFTED PARTIAL 
| I I PRODUCT 



I I 01 000 10 PRODUCT 



Figure 20 
MODIFIED BINARY MULTIPLICATION 



MULTIPLICAND 



A R 



GT 



PRODUCT 



A C 



MULTIPLIER 



B R 



Figure 21 
MULTIPLICATION I 



MULTIPLICAND 



PRODUCT 



A R 



GT* 



ADD 



A C 



MULTIPLIER 



B R 



-GT 



Figure 22 
MULTIPLICATION II 



MULTIPLICAND 



A R 



6T- 



PRODUCT 



MULTIPLIER 



ADD 



A C 



SHIFT 



B R 



GT' 



■GT*I 



Figure 23 
MULTIPLICATION HI 



MULTIPLICAND 



A R 



GT- 



PRODUCT 



ADD 



A C 



SHIFT 



MULTIPLIER x -~ BR 



■GT 



■GT 



CLOCK 
PULSES 



Figure 24 
MULTIPLICATION IV 



MULTIPLICAND 



A R 



ADD 



PRODUCT 



MULTIPLIER 



A C 



SHIFT 



S' 



B R 



1 



-HGT 
T 



— jGT 



GT 



CLOCK 
PULSES 



Figure 25 
MULTIPLICATION V 



COUNT -. 



i-i, 
FF 



DECIMAL 17 34 



735 



6148 
5 



173 



173 



46148 
5 



9 



BINARY I 10 10 



MOM 



1010 



I 101 



I 10 I 



01010 
I 



I 



Figure 26 
ROUNDING OFF 



1 4 


2 


SUBTRACT 

POS. REMAI 
SUBTRACT 

OVERCAST 
RESTORE 

SHIFT 1 NE 
SUBTRACT 
POS. REMAII 

SUBTRACT 
POS. REM. 
SUBTRACT 

POS. REM. 
SUBTRACT 

POS. REM. 
SUBTRACT 

OVERCAST 
RESTORE 

SHIFT 4 NE1 
SUBTRACT 

POS. REM. 
SUBTRACT 

POS. REM. 
SUBTRACT 

OVERCAST 

RESTORE 

REMAINDER 




28| 3 9 7 
-2 8 


6 


1 


1 1 7 
-2 8 
-| 6 2 
-1-2 8 


6 
4 


NDER 
2 

-1 


1 1 7 
- 2 8 


6 


T SUBTRACTION 
1 


8 9 
- 2 8 


6 


JDER 
2 
3 


6 1 
-2 8 


6 


3 3 
-2 8 


6 


4 


S 
- 8 8 


6 


5 


- 2 2 
+ 28 


4 


-1 


5 

-2 


6 

a 


r SUBTRACTION 
1 


2 
-.2 


8 

8 


2 


-2 




e 


3 


- 2 
+ 2 


8 
8 


-1 







2 NET SUB. 



Figure 27 
DECIMAL DIVISION 





0.1 1 1 


o.p 


0.0 1110 
1.0 1 1 1 




I.I 10 1 
I.I 1 1 
0.1 1 


t' 


0.0 1 1 1 

- ■ 




0.0 10 
0.1 O 
1.0 1 1 1 


I.I 10 1 1 
I.I 1 1 1 
0. 1 1 


,\ 0.0 1 1 1 

< «-l 




0.0 110 
0.1 1 
1 .0 1 1 1 


d_ 


0.0 11 




0.0 10 
0.0 10 

1 .0 1 1 1 



I.I I 



SUBTRACT 
NE6. REMAINDER 
SHIFT LEFT 
ADD 



IN QUOTIENT 



END AROUND CARRY 
POS. REMAINDER I 
SHIFT LEFT 
SUBTRACT 

NEC. REMAINDER 

SHIFT LEFT 

ADD 



IN QUOTIENT 



IN QUOTIENT 



END AROUND CARRY 

POS. REMAINDER I IN QUOTIENT 

SHIFT LEFT 

SUBTRACT 

END AROUND CARRY 

POS. REMAINDER I IN QUOTIENT 

SHIFT LEFT 

SUBTRACT 

NE6. REMAINOER IN QUOTIENT 



Figure 28 
BINARY DIVISION 



TO BUS 



CLEAR 



A-REGISTER 
SUBTRACT 



A-REGISTER. 



GT 
304.07 



TO CHECK REG. 



TO B-REGISTER 
CLEAR 



ACCUMULATOR 



GT ' 
304.08 f 



SIGN 
CONTROL 



*■ 304 Ol 



GT 
304.04 



PRODUCT 
SIGN 



GT 
304.05 



ACCUMULATOR 



COMPLEMENT 



A-REGISTER 

301 
B- 37056 



GT 
308.07 



DIVIDE 
ERROR 



V 



TT- 



LEFTDIGIT^ DE 



CLEAR B-REGISTER 



ROUND OFF 



L. DIGIT CARRY 



COMPLEMENT 



LEFT DIGIT 



LEFT DIGIT I 



* 



4h 



GT 
309.07 



SPECIAL 

ADD 
MEMORY 



•^T 



-M- 



GT 

309.06 



FROM BR 15 (+1 



ACO 
CARRY 



ACCUMULATOR 



C-37063 
C" 37096 



FF 
309.0 



GT 
3 09.04 



-I SPECIAL ADD 



DIVIDE SHIFT LEFT 
SHIFT LEFT 



SHIFT & CARRY 



" END AROUND CARRY 



END AROUND 
CARRY AND 
ROUND OFF 



I DIGIT 1 

HDHITf'"" 



SHIFT RIGHT 



iH4 



SPECIAL CARRY 

TO CHECK REGISTER 



B-REGISTER 

303 

B" 37069 
B-37097-l 



DIGIT TO BR 15 



H<- 



I DIGIT TO BR 15 



SHIFT R-SHIFT 8 CARRY 



GT 

600.04 



SHIFT LEFT 



TO BR 15 DIGIT SENSE 



FROM BR 15 (+) 



GT 
303.06 



DIVIDE 

TIME 

DIST. ^5 



FROM BR 15 (-) 



GT 
306O4 



+K: 



SPECIAL ADD 



ARITHMETIC 



CHECK 
CLEAR ACO 



STEP 
COUNTER 
B-37074-2 



GT 

308.04 



GT 
307.04 



GT 
307.05 



308.01 




307.01 





306.01 





CARRY FF 
CLEAR 



FF 
307.02 



CARRY 
CARRY 



DIVIDE SHIFT LEFT 



HIGH 

FREQ. 

TIME 

PULSES 



LOW 
FREQ. 
TIME 
PULSES 



Figure 29 
ARITHMETIC ELEMENT 



SECOND DIGIT COLUMN 



FIRST DIGIT COLUMN 



GT 




1/ 



GT 



CARRY 
GATE 
TUBE 




CARRY 
FLIP-FLOPS 



DELAY ELEMENT 



CARRY 



TO 
OTHER 
DIGIT 
COLUMNS 



PARTIAL- SUM 
FLIP— FLOPS 



4 



CARRY 



f 



DIGIT 

CRYSTAL RECTIFIER 



A-304.33-1 



FROM "A" 



REGISTER 



Figure 30 
ACCUMULATOR 



TO 1BUS 



SECOND DIGIT COLUMN 



TO A BUS 



CARRY 




FROM "A" REGISTER 



Figure 31 

ACCUMULATOR 



SHIFT AND 



CARRY 



x.x; 



x; 



x; 



x; 



^; 



x; 



x; 



I 

FF-I 



TTT 



GT 
1 I 



1 



GT 

10 




1 



GT 
9 




1 



GT 
8 



1 



-»4gt 

7 



CLEAR 



Figure 32 
SHIFT AND CARRY 



J 





Figure 33 
SHIFT LEFT 



BUS 



A-REGISTER 



ACCUMULATOR 



A-REGISTER 



B- 3 7 056 



V 



ACCUMULATOR 



C - 3 7 6 3 
C - 3 7 9 6 



Figure 34 
CLEAR AND ADD 



8US 




























BUS 


ADD 


















' ' 


z 








FROM BUS 




A-REGISTER 


3 










CLEAR 




301 
B -37 56 












A-REG1STER 
















ALARM 








AOD 




ACO 
CARRY 


































FF 




GT 












M 





FF 
309.01 
1 






600.04 






LEFT DIGIT 


OE 










, 








CARRY 




w 


I 






GT 
309.04 














W w 






ARITHMETIC 






















CHECK 






L. DIGIT CARRY 


1 




\A 


DE 


» 
















Kl 












































ACCUMULATOR 


















3 2 
C-3 7 6 3 


CARRY 










CARRY 


- 
















C-3 7 9 6 




















TO AC 15 
















END AROUND 
CARRY AND J 
ROUND OFF 






3 


z 


£ 


















END AROUND CARRY 

















Figure 35 
ADD 



CARRY 



i^}- 



DE 



* 



TO AC 15 

END AROUND CARRY 



600.04 




ALARM 



FF 309.0 1 



GT 

05 



T 



ACO I 

PARTIAL 

SUM 




GT 



ADD 



CARRY 



IN FROM AC I 



Figure 36 
ARITHMETIC CHECK 



FROM BUS 

CLEAR 
A-REGISTER 

SUBTRACT 



ACCUMULATOR 



A-REGISTER 



S- 3 7 O 5 6 



ii. 



ACCUMULATOR 



C - 3 7 6 3 

C - 3 7 9 6 



Figure 37 
CLEAR AND SUBTRACT 



BUS 








BUS 






' 


' 






FROM BUS 














A-REGISTER 

3 1 








CLEAR 












A-REG1STER 








— »■ 


B-37058 








ALARM 


SUBTRACT 




■ 








hi 





FF 
309.01 
1 






61 












— ^ 




600.04 








DE 


















, 










CARRY 




W 


V * 


-^ 


G T 
309.04 


























i 


















ARITHMETIC 






' 


— H— - 


DE 










CHECK 












































/ 


ACCUMULATOR 
















3 O £ 
















C - 3 7 6 3 


CARRY 








CARRY 
















C- 3 7 9 6 


















TO AC 15 






















END AROUND 












ROUNDOFF ■"■ 
















END AROUND CARRY 

















Figure 38 
SUBTRACT 



A-REGISTER 



A-REGISTER 



GT 
304.07 



TO B-REGISTER 



ACCUMULATOR 



SIGN 

CONTROL 



M 



i-QT' 



FF 
304.01 



I*" 304.0' 



PRODUCT 
SIGN 



ACCUMULATOR 



G T 
304.05 



CLEAR B-REGISTER 



LEFT DIGIT I 



COMPLEMENT 



A-REGISTER 

3 I 



COMPLEMENT 



LEFT DIGIT I 



FROM BR I5(+) 



ACCUMULATOR 



C-37063 
C -3 7 9 6 



" END AROUND CARRY 



SHIFT a CARRY 



END AROUND 
CARRY AND 
ROUND OFF 



B-REGISTER 

3 3 

B- 3 7 6 9 
B- 3 7 9 7 - I 



IT 



SHIFT R. - SHIFT S CARRY 



TO BR 15 DIGIT SENSE 



FROM BR 15 (+) 



FROM BR 15 <-) 



Figure 39 
MULTIPLY AND ROUNDOFF 



GT 
306.04 

—f— 



HIGH 

FREQ. 

TIME 

PULSES 



3 5 

STEP 

COUNTER 

B-37074-2 



FF 
304.01 



MULTIPLY AND HOLD FULL PRODUCT 



«^ — 


JUS 






























1 


' 






























































BUS 


FROM BUS 


A-REGISTER 

3 01 
B - 3 7056 




ACO 
CARRY 






LEFT DIGIT 1 




CLEAR 






A-REGISTEH 




COMPLEMENT^ 
















SUBTRACT 








GT 
308.0S 
























^ 




A-REGISTER 


GT 
304.07 














FF 






T 












kl 






FF 
309.01 

1 




DIVIDE 
TIME 


1 

FF 
30B.02 



















DE -• 












LEFT OIGII 


DE 










~ 








CARRY 




PI 

y 




", 






GT 
309.04 




OIST. 




«- 


















p> 


""" 








































L. DIGIT CARRY 






— N — 


DE 


«*■ 








kl 






ACCUMULATOR 

3 2 

C-37063 
C -3 7 09 6 




















-f— 










DIVIDE SHIFT LEFT 




■' 














' 


GT 
- 30B.0! 






30 5 

ST EP 

COUNTER 

9-37074- 






CARRY 








"" 






















, , «» - 


CLEAR 








ACCUMULATOR 








COMPLEMENT r 






UJ 












t DIVIDE 1 


DIGIT 












































DIVIDE 


1 DIGIT 










G T 
308.04- 


























1 

FF 
308.01 





DE 
















TO AC 15 










* 


DIVIDE 






LEFT DIGIT 1 




. 






















LO 

FRE 

Tl 

PUL 




"■ 




































ALARM 




GT 
308.07 




END AROUND 

CARRY AND ^ 
ROUND OFF 




























.0 
F 


VIDE 

RROR 


ENO AROUND CARRY 




sisn i r 

3NTROL* * 


i 






| 




K. 


FF 
304.01 








° FF ' 
308.03 
















' 




1 


~i 




t 


\ 


, 




DIVIDE 1 






T 


G T 
304.04 












"i 


















DIVIDE 




PRODUCT 










SIGN 














DIGIT TO BR 15 \J 








GT 

304 J05 
















B-REGISTER 

3 3 

8- 37069 
B-3 7097-1 






- 










T 






1 DIGIT TO BR IS 






ACCUMULATOR I 








SIGN 






W 
Q. 
*E 
5ES 












DIVIDE SHIFT 


LEFT 



















Figure 40 
DIVIDE 



ACCUMULATOR 

302 



C-37063 
G-3709 6 



Figure 41 
TRANSFER TO STORAGE 

TRANSFER DIGITS 

STORE AND DISPLAY 



SIGN 
CONTROL 



i_G 



U I " 

*■! 304.01 



r\ 



GT 
304.04 



PRODUCT 
SIGN 



ACCUMULATOR 



GT 
304.05 



CLEAR B-REGISTER 



ROUND OFF 



COMPLEMENT . 



LEFT DIGIT I 



ACCUMULATOR 



C-37063 
C-370 9 6 



SHIFT a CARRY 



J{ 

3 05 

ST EP 

COUNTER 

B-37074-2 



TO AC 15 
END AROUND 
CARRY AND 
ROUND OFF 



END AROUND CARRY 



DIGIT 



B-REGISTER 



B-3 7 6 9 
B- 3 7 9 7-1 



SHIFT R. - SHIFT a CARRY 



GT 
307.05 



HIGH 

FREQ. 

TIME 

PULSES 



- I 
FF 
307.02 





Figure 42 
SHIFT RIGHT 



SIGN 
CONTROL 



^ 



i_G 



FF 
3 4.0 I 



~r\ 



GT 

304.04 



PRODJGT 
SIGN 



GT 
304 .OS 



ACCUMULATOR 



CLEAR B- REGISTER 



COMPLEMENT 



LEFT DIGIT I 



ACCUMULATOR 



C - 3 7 6 3 
C- 3 7 9 6 



SHIFT LEFT 



TO AC 15 



END AROUND CARRY 



END AROUND 
CARRY AND 

ROUND OFF 



I DIGIT) 

odigit)- 3 " 11 



B-REGISTER 



3 7 6 9 
■370 9 7-1 



SHIFT LEFT 



GT 
307.04 



HIGH 
FREQ 

TIME 
PULSES 



-w- 



_'l 

3 5 
STEP 
COUNTER . 
B-37 074-2- 



FF 
307.01 



Figure 43 
SHIFT LEFT 



GT 
304.08 ' 



LEFT DIGIT 



ACCUMULATOR 



G- 37063 
C - 37096 



Figure 44 
CONDITIONAL PROGRAM 



SPECIAL CARRY 



BUS 
AOO 



A-REGISTER 



A-REGISTER 

3 I 
B-370S6 



L EFT DIGI^ 



CARRY 



L. DIGIT GARRY 



If SPECIAL 

ADD 



v ki j: 



GT 
"309.07" 



I 



° FF ' 
309.02 



J3--*Z 



GT 

309.06 " 



ACO 

CARRY 

FF 




FF 
309.01 
I 



GT 
309.04 



r^ 



ACCUMULATOR 



C-3 7 6 3 
C- 3 7 9 6 



-M- 



-I SPECIAL AOO 



CARRT 



ENO AROUND 
GARRY AND 
ROUND OFF 



END AROUND CARRY 



Figure 45 
SPECIAL ADD 





FLIP FLOP 


STORAGE 


ftESET 


AND 


DISPLAY 


SWEEP 


TRI6.GE.R 














































END 
CARRY 








TRIGGER 














READ IN 








CONTROL 

TIME 
PULSES 


IOS 
PROGRAM CONTROL 
TIMING MATRIX 

DWG. 6- 37075 






















RESET 


£00 
STORAGE 

DWG.C-37064- 
























||_ 


* PROGRAM STORAGE CONTROL _ 








* PROGRAM REGISTER CONTROL 




















K OPERATION STORAGE CONTROL 
















*P 

C 


C. 

3 NT. 


















' 


1 






102 
PROGRAM COUNTER 

6WG . &-370S2 






103 
PROGRAM REG15TER 

DWG. B-37067 






soo 

OUTPUT 
t DISPLAY 




















i 


i" 










O 


AIIPE 
CONTROL 
















1 


' 


i 










1 


i 

CHECK REGISTER BUS 


1 L 




1 1 


! 


) 








i. 






























1 ' 


4 ~ 1"" 




■ ■ i 
| 










































1' 




V " 




! 1 

1 ! 
ir ir 








10A 105 107 

OPERATION CONTROL 

Cb -37066 

DWS - J C-37077 

( C-37076 




*STEP COUNTER CONTROL _ 


300 
ARITHMETIC ELEMENT 

DWG C-37072 




SOI 

CHECK REGISTER 

DVS. 3-37065 








































"CONT. SW. 












CONTROL 




CLEAR A- REGISTER 


t 




J 




1, J, 1. 






I 


i 




1 






















"ARITHMETIC ELEMENT CONTROL 
















Jf BUS TO CHECK. REGISTER 


















TRANSFER CHECK 








































' 














PRO&.R.E.G. CONT. 


CHANGE CONTROL 




< 




1 


i 






_J 






CHANGE TO SP 






ALARM 












CONTROL TIME P 


jlses 




















__ P.ES - -^- 


CN-OFF 




101 

MASTER 
CLOCK 

DWGB-37058 




lOfa 


















TIME PULSE 
DISTRIBUTOR 






SINGLE 








*NOTE: 


PULSE 








AND CONTROL 

DwGf 8-37068 
NO LB-37076 








ALARM 


See Figure 47 




























, 


f " 




1 

START 


DELAY 
















STOP CLOCK 




STEP COUNTER. END CARRY 












RESTART 










LOW FREQ. TIME. PULSES 










HIGH FREQ. TIME PU-S5S 









Figure 46 
SYSTEM BLOCK DIAGRAM 



JLBITHHETIC ELEMENT CONTROL 



PROORAM OOONTER CONTROL 



PROORAH STORAGE CONTROL 



1. Bus to A-Reglster OT 301.01 

2. A-Reglster to Bub OT 301.02 

3. Subtract: A-Reglster to Aocum. OT 301.0U 
k. Add: A-Reglster to Accumulator OT 3OI.O5 

5. Accumulator to Bus 0? 302.02 

6. Accumulator to Check Register OT 302.03 

7. Accumulator to B-Reglster OT 302.0^ 
S. Carry' OT 302.20 
9. Roundoff OT 303.O8 

10. Product Sign OT 30^.0^ 

11. Accumulator Sign OT 30^.05 

12. A-Reglster Sign OT 304-.07 

13. Compare OT 30^.08 
1^. Multiply FF 306.OI 

15. Shift Left FF 307.OI 

16. Shift Right FF 307.02 

17. Divide FF 30S. 01 
IS. Special Add OT 309.06 

19. Arithmetic Check OT 600.01+ 

20. Clear Accumulator 

21. Clear B-Reglater 

22. Speolal Carry 



1. In from Bus OT 102.01 

2. Out to Bus OT 102.02 

3. Out to Check Register OT 102.03 
U. Add Pulse 

5. Clear 

PROORAH REOISTER CONTROL 

1. In from Bus OT 103.01 

2. Out to Bus OT 103.02 

3. Clear 

CONTROL SWITCH CONTROL 



1. In from Bus 

2. Out to Bus 

3. Clear 



OT lOlkOl 
OT 10^.02 



STEP COUNTER CONTROL 



1. In from Bus 

2. Out to Bus 

3. Clear 



OT 305.OI 
OT 305.02 



1. Bus to Storage Switch OT 201.01 

2. Storage Switch to Bus OT 201.02 

3. Storage Readout OT 203.02 
k. Storage Swltoh Clear 

5. Storage to Cheok Register OT 203.03 

OPERATION aTORAOE CONTROL 

1. In from Bus OT 203.01 

2. Storage Readout OT 203.02 

3. Out to Cheok Register OT 203.03 
!(•. Storage Clear 



NOTE : See Figure 46 



Figure 47 
CONTROL FUNCTIONS 



BUS 



PROGRAM 
COUNTER 
I0£ 



L"5T 

102.02 



ST 

102.01 



GT 

102.03 



PROGRAM 
REGISTER 
103 



ST 

103.02 



STEP 
COUNTER 
305 



ST 

103.01 



JE- 



ST 

305.02 



GT 
305.01 



~GT. 

1D«I 



6T 

104.02 



3_L 



CONTROL 
SWITCH 
104- 



GT 

201.01 



6T 

20108 



STORAGE 
SWITCH 
201 



GT 

301 .01 



ST 

3OI.02 



A 
REGISTER 
301 



TOGGLE 
SWITCH 
STORAGE 
202 



ACCUMULATOR 
302 



FLIP-FLOP 

STORAGE 

203 




CHECK 

REGISTER 

SOI 



OUTPUT 

t 

DISPLAY 

500 



GT 
SDMI 



BUS. 



Figure 48 
BUS CONNECTIONS 



* PRO GRAM 
COUNTER 
CONTROL 



CHANGE 
-CONTROL 



BUS 



ON-OFF 



SINGLE 
PULSE 



IB2 

PROGRAM COUNTER 

Figure 51 



I 



END CARRY 



TQ RESET i. 



TRI G&ER 



* PROGRAM 
REGISTER 
CONTROL 



TO CHECK 
REGISTER 



101 
MASTER. CLOCK 
Figure 50 



*NOTE 

SEE FI&. 50 



ih 



=fo= 



* CONTROL 
SWITCH 
CONTROL 
& = 



CHANGE 
TO SP 



104- 

CONTROL SWITCH 

Figure 53 



OPERATION 
PULSES 



LFCP 



HFCP 



I0G 

TIME PULSE DISTRIBUTOR 

AND CONTROL 

Figures 56 & 57 



1 " 

TO ARITHMETIC 
ELEMENT 



tut 



=©=* 



CONTRDL 

TIME 
PULSES 



r- 

< 

<n 
u 



UK 






Q 
O 
_! 

o 

a 
O 



< 

_i 
< 



103 
PROGRAM REGISTER 

Figure 52 



(It) 



! 



BUS 



105 
OPERATION MATRIX 

Figures 54 & 55 



T07 
OPERATION TIMING. MATRIX 



Figures 54 & 55 



t t t 



106 

PROGRAM TIMING 
MATRIX 

Figure 58 



<r ,r 



Y 

CONTROL PULSES 



HQTr 



Figure 49 
CONTROL 













* 




— MANUAL ON -OFF CONTROL 








FREQUENCY 
MULTIPLIER 




OSCILLATOR 
































MANUAL ^ 


SINGLE 

PULSE 

SOURCE 










PUSH BUTTON 
CONTROL 


'\ 


^\ 










' 


r 




' 


1 










PULSE 
SHAPE R. 




PULSE 
SHAPER 






























LOW FREQUENCY TIME PULSES FOR CONTROL 

^ 





HIGH FREQUENCY TIME PULSES TO ARITHMETIC ELEMENT 



Figure 50 
MASTER CLOCK 



BUS 



CHECK 



BUS 



| CHECK REGISTER BUS ^ 



I 



REGISTER 

BUS 



BA 

02 



BA 

03 



READ OUT 



GT 

02 



TO BUS 



PROGRAM 



COUNTER CHECK 



BA 

01 



BA 

03 



FF 
01 



,> ,1 



ADD TO 



COUNTER 



RESET 



.CLEAR 



DE 
01 



GT 



7 




BA 

02 



BA 

03 



FF 
Ol 



,. ,1 



GT 

06 



DE. 
01 



V 



BA 

OS 



BA 

03 



ST 

OS 



6T 
03 



FF 
01 



GT 

03 



DE 
01 



Xj: 



GT 
01 



7 



BA 

Ob 



READ OUT 



BA 
07 



GT 
03 



FF I 
Ol 



.. ,1 



&T 

05 



DE 
01 



GT 
01 



V 



GT 
os 



BA 
05 



PROGRAM 

COUNTER CHECK 



END 



DE 



I 



CARRY 



RESET 



BA 
08 



CLEAR- 



BA 



Figure 51 
PROGRAM COUNTER 



READ , 



IN 



BA 

02 



BA 
oz 



GT 
01 



GT 

02 



p F 1 

01 



GT 

01 



GTt 



FF I 

01 



n 



BA 

02 



ST 

01 



ET 

02 



° FT 

01 



m 



=*= BUS 



BA 

02 



ST 

01 



GT 
02 



FF I 

01 



TT 



READ IN 
FROM 
BUS 

HEA D OUT 
TO BUS 



CLEAR 
- PROG. 
REG. 



Figure 52 
PROGRAM REGISTER 



Aa 



ST 
01 



BA 
02 



BA. 

02 



BA 

02 



BA 
02 



E~A 
oz 



GT 
01 



ST 

01 



GT 
01 

T 



GT 
01 



I _ RE 



02 



GT 
02 

T 



6T 
02 

X 



6T 

1 



FF 
01, 



FT 
02, 



BA 



BA 
04 



1o+ 
Jba 

04 



-fc. FF 
03 



^.BA 



,>],>[ J^J^ ' 



JLJLJLJL. 



J*LJ*_^LJ£. 



BA 
04 




FF 
04 

I 



BA 
04 



BA 
04 



GT 

02 

T 



FF 
05 



BA 
04 



-*: 



'|-* |04 



JtJ<. 



Jt. 



05 



J'. 



BA 

05 



BA 
03 



BA 
05 



rTTi 



fM CHAK^QUT 

(to* ONLY) 
USED IN 

STORABE SWITCH 201 
CONTROL SWITCH !04 



CLEAR 



I 10 II 



J^J'JJ. 



-JLJLJflJL. 



J*£«£l<X*<X\ 



KJL. 



J£JL. 



.—jl. 



JL. 



J£. 



±4 



BA 

05 



BA 
05 



JLJL. 



J£. 



BA 

OS 



BA 

05 



^ j J |^ OUTPUT LINES 



11100 IIIQI 11110 Hill 



Figure 53 
CONTROL SWITCH 



FROM 

BUS 



TO 
BUS 



r &LEAR. 



CONTROL 
SWITCH 
CONTROL 



READ IN 



READ OUT . 



TO SP 



CONTROL 
SWITCH 



od 

CO. 

su. 

cs 
mr 
rnh 

t5 
Sd 
ST 
S} 

td 

sp 

Cp 

Sa 



CONTROL 

TIME 

PULSES 

INPUT 

FROM 

TIMS PULSE 

DISTRIBUTOR 



DWG. B-370S6 



•ST* 5 * 



^^>; 



!^"^" 



^■^- 



7*- 
8-»- 



GT 



-<*; 



^*" 



^* 



^ , 



-%- 



*>^*: 



-*> 



*"*;■ 



*>;• 



"=*: 



*>; 



*>-."> V 



r*^*; 



^7~ jj; 



^* 



^ 



GT 






■^; 



^*t 



">4 



^7>i 'Ti, 



GT 



"*; 









^:>: 



^^; 



gt .j 



^: 



^; 



GT ^ 



T T T T T T xj Tl 



"** 



gt .. 



To Part II Figure 55 



^ 



GT - 



GT — 



GT 



C4 



5a. 



ror 



*mh 



si 



ST 



SP. 



S^- 



oV 



17 ADC-ITIOMAL 



-A. 

4 



VY Y 



CD +3 

H CO 



o el 

O B 
CO Eh 






j e 



7Y~ 



t4 » r-t 

+» bo O 

« a h 

S fc +* 



£S 



O 1D-P 

^! « 

■do -H 



Figure 54 
OPERATION MATRIX I 



FROM PART I 
DWG. C-3707? 

ad 



^K 



^V 



^ 



tx: 



ad. 

CO -. 

cs 



CO/ 



:> 



CS 



!> 






rnr_ 
ts 

6cL 
£I_ 

rdL 

sp 

_CJP_ 
50- 

dv 



^ 






^K" 






. 7S i ^s. 



_ 7S . *% 



*x 



*><; 



_ 7S 7Si 



v>> vS> 



^rx 






^*: 



*^^; 



*x 



^r 



^^s" 



-**: 



^r 



rx 



*^r 



-*\ 



*i 



•m r 



TYili 



u s 

ST 



^^ 






^: 



"x" 



■"*: 



_tct 

-LP 



^> 7S 



^: 



^; 



*>\,v 



"*- 



^; 



*>; 



^W: 



"x 



-"*: 



^T 



CONTROL 

TIMS 

PULSES 



_C£ 



5Ct - 



5 
-6 



_L _L 

ST _J ST 



ST 



GT 



ST 



r T T TTTTTTTTTl 



GT 



r T T T 



jJj^Jj 



-fr 






7 

GT 






b tee 

..3 U 3 

** o EG o 

O O I o 



U 0) 

O *3 



iH TO 

3 4) 

OK 

O I 



oj *3 — < «» 



id oj 



Figure 55 
OPERATION MATRIX II 



LOW FREQUENCY TIME PUL6ES 



STEP COUNTER 
END CARRY 



STOP CLOCK 



RESTART. 



,i . 



ALARM 



o 
FF 

04- 

I 



FF 
05 



FF 

oe 
I 



GT 
18 



GT 

19 



DELAY 
COUNTER 



DELAY COUNTER 



END CARRY 



START DELAY 



PULSE 
DISTRIBUTOR 



DWG. B-37068 



-TO WARNING SIGNAL CIRCUIT 



-*-4 
-^ 5 

-*- 6 
-*- 7 



Figure 56 
TIME PULSE DISTRIBUTOR CONTROL 



x 



X" 



x 



x~ 



^J~X 

X — 

~x: 
^x 



x- 



X}— X" 

x~x 






x; 

X" 
X" 



.GT 

04 

x 

~GT 
05 

x 



ST 



GT. 
07 

"gt~ 

09 

X 

"GT 
09 

X 

10 

T 



BA.. 
+ 



BA 
05 



BA. 

06 



BA. 

07 



BA. 
06 



BA. 
OS 



BA 



BA 
II 



■*-4 



-*-7 



-*-8 



BA 



BA 



BA 
1 + 



BA 



BA 



BA 
17 



TIME PULSES 



FF 
Ql 



TT 

01 



DE 



FF 

OS 



I PttI 



TT 

T 



FF 
03 



w 

03 



Figure 57 
PULSE DISTRIBUTOR 



in 

w 
o> 

B 

w 
x 



•4 
O 

« 
E< 

o 



xt 



x 



5-*- 



X 



V* 



** 



8-»- 



BA 



BA 
OS 



64 
10 



BA 
II 



BA 
12 



BA 

13 



X 



X 



V 



"*:x 



x 



x 



s: 



~*x 



x 



x 



**x: 



x 



x 



x 



3; 



BA 
J4- 



BA 

15 



BA 
16 



BA 
17 



BA 
18 



BA 
19 



BA 
20 



BA 
21 



BA 
22 



BA 
2.3 



BA 
2 + 



BA 
2.5 



BA 

E6 



BA 
27 



o 

OJ 

o 



O 



O 



O 


OJ 

o 


H 

o 


tvi 
o 


o 


O 


O 
H 


o 


H 
O 

CVJ 


H 
O 


o 


O 

CVJ 


s 


S 


g 


En 

e 


g 


g 



o 



in 
o 



o 



s 



a 
3 
CO 






3 


o 


CQ 

3 




« 
3 




to 

CO 






o 


+* 


a 














t£ 


+* 


•H 
















01 


0) 


* 
en 

.-i 


o 


* 
to 


+» 
£ 


+» 

3 


o 


C 
3 
o 


** 


tO 


to 


o 


o 


& 




TJ 




3 

o 


a 

o 


fcfl 


Q 
O 


-H 


o 


s 

01 




o 










o 














1 


o 


1 

u 


o 


H 
O 


o 


bD 

3 


i 


bo 

at 


be 


U 




bo 
o 


a 


*-> 

c 


m 


fe 


o 


o 


u 
p. 


£ 


3 


a. 


3 
(0 


o 


3 
CO 


tn 


m 


CO 









o 


O 


c 




a 






g 


g 


g 


•H 




3 
O 




bD 


u 

•j 










* 


3 


o 


f. 


0J 












01 


<n 


B 




PS 


3 


M 








«J 


i-< 


S 


u 


B 


o 


o 








be 


o 


u 


■H 


a 


D 


OJ 








nl 


In 


bo 


bD 


u 




J3 








d 


+» 


o 


V 


bD 


D. 








bD 


o 


c 
o 


£ 


OS 
1 


o 




h 






BJ 


ra 


o 




«« 


P. 


01 


o 






O 






o 








Vi 






*» M 


(. 


f. 


+» 


t, 


u 


t. 


ID 








it 


a 




id 


a 


as 


c 






m oj 


0) 


u 


•o 


CJ 


ai 




as 






3 JJ 


d 


i-t 


■e 


rH 








4* 


cn 


mo 


O 


o 


<! 


O 


o 




E< 


o 




















3 


o 


















o 

O 


4* 


















P. 


aj 


















OJ 


+» 




















3 
o 





















o 


















+» 


o, 


















a 


o 


















3 


♦> 


















03 


01 



















Figure 58 
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STORAGE CHASSIS ARRANGEMENT 
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FLIP-FLOP STORAGE SECTION 
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STORAGE OUTPUT SECTION 
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FLIP-FLOP STORAGE CONTROL 
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ARITHMETIC ELEMENT 
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Figure 64 
SECTION OF A-REGISTER 
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ACCUMULATOR SECTIONS 
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ACCUMULATOR SECTIONS AC0-AC15 
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B-REGISTER SECTIONS 
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B-REGISTER SECTIONS BR 0, 1, 14, 15 
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PROGRAM TIMING 
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DELAY 1/2 



Figure 73 
TIMING FOR CLEAR AND ADD 



OPERATION: SUBTRACT flu 



CONTROL TIKE PULSES 
123456781231* 



PROQRAM 
TIMING 



OPERATION 
TIMING 



PROGRAM COUNTER TO BUS OT 102.02 

PROG. COUNTER TP CHECK REGI8TER OT 102.03 
BUS TO PROGRAM REGISTER OT 103.01 

PROGRAM REGISTER TO BUS GT 103.02 

BUS TO CONTROL SWITCH GT 10^.01 

CONTROL SWITCH TO BUS OT 104.02 

BUS TO STORAGE SWITCH GT 201.01 

STORAGE SWITCH TO BUS GT 201.02 

STORAGE READOUT GT 203.02 

STORAGE TO CHECK REGISTER GT 203.03 
BUS TO STEP COUNTER GT 305.OI 

STEP COUNTER TO BUS OT 305.02 

BUS TO CHECK REGISTER GT 601.01 

START DELAY COUNTER 
ADD TO PROGRAM COUNTER 
CLEAR CONTROL SWITCH 
CLEAR STORAGE SWITCH 
CLEAR A-REGISTER 
CLEAR PROGRAM REGISTER 
CLEAR STEP COUNTER 
TRANSFER CHECK 



BUS TO PROGRAM COUNTER GT 102.01 

PROGRAM COUNTER TO BUS OT 102.02 

PROGRAM REGISTER TO BUS GT 103.02 

BUS TO STORAGE GT 203.01 

STORAGE READOUT GT 203.02 

STORAGE TO CHECK REGISTER GT 203.O3 

BUS TO A-REGISTER GT 30I.OI 

A-REGISTER TO BUS GT 301.02 
SUBTRACT: A-REGISTER TO ACCUM. GT 301.04 
ADD: A-REOISTER TO ACCUMULATOR GT 30I.O5 

ACCUMULATOR TO BUS GT 302.02 
ACCUMULATOR TO CHECK REGISTER GT 302.03 

ACCUMULATOR TO B-REGISTER GT 302.04- 

CARRY GT 302.20 

ROUNDOFF GT 303.08 

PRODUCT SIGN GT 304.014- 

ACCUMULATOR SIGN OT 304.05 

A-REGISTER SIGN GT 304,07 

COMPARE GT 304,Og 

MULTIPLY FT 306.OI 

SHIFT LIFT FF 307.OI 

SHIFT RIGHT FP 307.O2 

DIVIDE FF 30S. 01 

SPECIAL ADD GT 309.06 

BUS TO OUTPUT - DISPLAY OT 5QQ.01 

ARITHMETIC CHECK GT 6Q0.04 

BUS TO CHECK REGISTER GT .60.1.01 
CLEAR ACCUMULATOR 
CLEAR B-REGISTER 
CLEAR STORAGE 
CLEAR PROGRAM COUNTER 
SPECIAL CARRY 
STOP CLOCK POISES TO TIME DlST. 





1 
















1 








1 
















1 












1 
















1 










1 
























1 


























1 
















1 






1 










1 










1 






1 










1 










1 
















I 








1 
















1 










1 


























1 


















1 






1 










1 






1 






1 










1 




- 






1 
















1 








1 
















1 


1 






1 










1 






1 










1 




















1 
















1 










1 
















1 






1 






1 




1 






1 
























































































































































































1 
























1 
























1 


























1 
























1 




























































































































1 


































































































































































































































































































1 


















1 











































































































































































































DELAY 1/2 
DELAY 1/2 
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DELAY 1/2 



Figure 74 
TIMING FOR SUBTRACT 



OPERATION: CLEAR AND SUBTRACT OB 



CONTROL TIME PULSES 
23^5678123^ 



PROGRAM 
TIMING 



OPERATION 
TIMING 



PROGRAM COUNTER TO BUS GT 102.02 
PROG. COUNTER TO CHECK REGISTER OT 102.03 

BUS TO PROGRAM REGISTER OT 103.01 

PROGRAM REGISTER TO BUS GT 103.02 

BUS TO CONTROL SWITCH GT 10^.01 

CONTROL SWITCH TO BUS GT 104.02 

BUS TO STORAGE SWITCH GT 201.01 

STORAGE SWITCH TO BUS GT 201.02 

STORAGE READOUT GT 203.02 

STORAGE TO CHECK REGISTER GT 203. 03 

BUS TO STEP COUNTER OT 305.OI 

STEP COUNTER TO BUS OT 305.02 

BUS TO CHECK REGISTER GT 601.01 
START DELAY COUNTER 
ADD TO PROGRAM COUNTER 
CLEAR CONTROL SWITCH 
CLEAR STORAGE SWITCH 
CLEAR A-REOISTER 
CLEAR PROGRAM REGISTER 
CLEAR STEP COUNTER 
TRANSFER CHECK 



BUS TO PROGRAM COUNTER GT 102.01 

PROGRAM COUNTER TO BUS OT 102.02 

PROGRAM REGISTER TO BUS OT 103.02 

BUS TO STORAGE OT 203.01 

STORAGE READOUT OT 203.02 

STORAGE TO CHECK REGISTER GT 203.03 

BUS TO A-REGISTER OT 301.01 

A-REOISTER TO BUS OT 301.02 

SUBTRACT: A-REGISTER TO ACCUM. GT 301.01+ 

ADD: A-REOISTER TO ACCUMULATOR GT 301.05 

ACCUMULATOR TO BUS OT 302.02 

ACCUMULATOR TO CHECK REGISTER OT 3Q2.03 

ACCUMULATOR TO B-REGISTER OT 302. Ok- 

CARRY OT 302.20 

ROUNDOFF OT 303.03 

PRODUCT SIGN OT 30^.0l| 

ACCUMULATOR SIGN OT 30U.05 

A-REOISTER SIGN GT 30^.07 

COMPARE OT 3Q^.0g 

MULTIPLY FF 306.01 

SHIFT LKFT FF 307.OI 

SHIFT RIOHT FF 307.02 

DIVIDE FF 308.01 

SPECIAL ADD OT 309.06 

BUS TO OUTPUT - DISPLAY OT 500.01 

ARITHMETIC CHECK OT 600.0^ 

BUS TO CHECK REGISTER OT 601.01 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST. 



DELAY 1/2 
DELAY 1/2 



DELAY 1/2 



DELAY \/2 



Figure 75 
TIMING FOR CLEAR AND SUBTRACT 



OPERATION: MULTIPLY AND ROUNDOFF 



or 



CONTROL TIME PULSES 
123*5678 12J1* 



PROGRAM 
TIMINO 



OPERATION 
TIMINO 



PROGRAM COUNTER TO BUS OT 102.02 

PROG. COUNTER TO CHECK REGISTER OT 102.03 
BUS TO PROORAM REOISTER OT 103.01 

PROORAM REOISTER TO BUS OT 103.02 

BUS TO CONTROL SWITCH OT 104.01 

CONTROL SWITCH TO BUS OT 104.02 

BUS TO STORAQE SWITCH OT 201.01 

STORAGE SWITCH TO BUS OT 201.02 

STORAQE READOUT OT 203.02 

STORAGE TO CHECK REOISTER OT 203.03 
BUS TO STEP COUNTER OT 305.OI 

STEP COUNTER TO BU3 OT 305.02 

BUS TO CHECK RE0I8TER OT 601.01 

START DELAY COUNTER 
ADD TO PROGRAM COUNTER 
CLEAR CONTROL SWITCH 
CLEAR STORAQE SWITCH 
CLEAR A-REOISTER 
CLEAR PROGRAM REGISTER 
CLEAR STEP COUNTER 
TRANSFER CHECK 



BUS TO PROGRAM COUNTER 

PROORAM COUNTER TO BUS 

PROORAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REOISTER TO BUS 

SUBTRACT: A-REOISTER TO ACCUM. 

ADD: A-REOISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REOISTER 

ACCUMULATOR TO B-REOISTER 

CARRY 

ROUNDOFF 

PRODUCT SIGN 

ACCUMULATOR SIGN 

A-REOISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REOISTER 

CLEAR ACCUMULATOR 

CLEAR B-REOISTER 

CLEAR STORAGE 

CLEAR PROQRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES: TO TIME DIST. 



OT 102.01 
OT 102.02 
OT 103.02 
QT 203.OI 
OT 203.02 
QT 203.03 
OT 301.01 
ST 301.02 
OT 301.04 
QT 301.05 
QT 302.02 
QT 302.03 
QT 302.04 
QT 302.20 
OT 303.OS 
GT 304.04 
QT 3Q4.05 
GT 304.07 
QT 304.08 

rr 306.01 

FF 307.OI 
FF 307.02 
FF 308.01 
OT 309.O6 
OT 500.01 
QT 600. 04 
QT 601.01 



DELAY 1/2 
DELAY 1/2 



DELAY 1/2 



DELAY 1/2 



Figure 76 
TIMING FOR MULTIPLY AND ROUNDOFF 



OPERATION: MULTIPLY AND HOLD FULL PRODUCT mh 



CONTROL TIKE PULSES 
23*56781254 



PROGRAM 
TIMING 



OPERATION 
TIMING 



PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE 3WITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP. COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 



BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGI3TER TO BUS 

SUBTRACT: A-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REOISTEH 

CARRY 

ROUNDOFF 

PRODUCT SIGN 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST. 



GT 102.02 
GT 102.03 
GT 103.01 
GT 103.02 
GT 104.01 
GT 104.02 
GT 201.01 
GT 201.02 
GT 203.02 
GT 203.03 
GT 305.OI 
GT 305.02 
GT 601.01 



GT 102.01 
GT 102.02 
GT 103.02 
GT 203.01 
GT 203.02 
GT 203.03 
GT 301.01 
GT 301.02 
GT 301.04 
GT 301.05 
GT 302.02 
GT 302.03 
GT 302.04 
GT 302.20 
GT 303.03 
GT 304. 04 
GT 304.05 
GT 304.07 
GT 304.0S 
FF 306.OI 

FF 307.01 
FF 307.02 
FF 30S.01 
GT 309.O6 
GT 500.01 
GT 600.04 
GT 601.01 
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Figure 77 

TIMING FOR MULTIPLY AND HOLD FULL 
PRODUCT 



OPERATION: DIVIDE dv 



CONTROL TIKE PULSES 
2345678 123^ 



PROGRAM 
TIMING 



OPERATION 
TIMING 



PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 



BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGISTER TO BUS 

SUBTRACT: A-REOISTER TO ACCUM. 

ADD: A-REOISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SIGN 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST. 



GT 102.02 
GT 102.03 
GT 103.01 
GT 103.02 
GT IOU.01 
GT 10^.02 
GT 201.01 
GT 201.02 
GT 203.02 
GT 203.03 
GT 305. Ql 
GT 305.02 
GT 601.01 



GT 102.01 
'GT 102.02 
GT 103.02 
GT 203.01 
GT 203.02 
GT 203.03 
GT 301.01 
GT 301.02 
GT 301. OU 
GT 301.05 
GT 302.02 
GT 302.03 
GT 302.01- 
GT 302.20 
GT 303.0g 
OT 30U.01- 
GT 301.05 
GT 30I+.07 
GT 30U.0S 

rr 306.01 

T? 307.OI 
FF 307.02 
FF 308.01 
GT 309.O6 
GT 500.01 
GT 600. Ot 

OT 601.01 
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DELAY 1/2 



DELAY 1/2 



Figure 78 
TIMING FOR DIVIDE 



OPEHATION; 



TRANSFER TO STORAGE ts 



CONTliOL TJKK PULSES 
J J* 5 i ? « 1 ? 3 * 



PROGRAM 
TIMING 



OPERATION 
TIMING 



PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PHOGRAM REOISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUB 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REOISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A- REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 



BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGISTER TO BUS 

SUBTRACT: A-REGISTER TO ACCUM. 

ADD: A-REOISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REOISTER 

CARRY 

ROUNDOFF 

PRODUCT 3I0N 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLE 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES' TO TIME DIST. 
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Figure 79 
TIMING FOR TRANSFER TO STORAGE 



OPERATION: SHIFT RIGHT er 



CONTROL TIKE PULSES 
123*5678123^ 



PRCORAM 
TIMING 



OPERATION 
TIMINO 



PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 



BUS TO PHOORAK COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGJSTER 

A-REGISTER TO BUS 

SUBTRACT. A-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SIGN 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT ttFT. 
SHIFT RIGHT 

DIVfcpE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC OHEOK 

BUS TO CHECK REGI6TSR 

CLEAR ACCUMULATOR 

CLEAR B-REGIBTER 

QLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DI3T 



OT 102.02 
GT 102.03 
OT 103.01 
GT 103.02 
OT IOU.01 
GT 104.02 
GT 201.01 
GT 201.02 
OT 203.02 
OT 203.03 
GT 305.OI 
GT 305.02 
GT 601.01 



OT 102.01 
OT 102.02 
GT 103.02 
GT 203.01 
OT 203.02 
GT 203.03 
OT 301.01 
GT J01.02 
GT 301.01) 
GT 301.05 
GT 302.02 
GT 302..O3 
GT 302. OM- 
OT 302.20 
OT 303.08 
GT 30U.OU 
GT 30^.05 
GT 30^.07 

OT ,304.0g 

W 306.01 

FF 307.01 
FF 307.02 
FF 308.01 
OT 309.06 
GT 500.01 
Ot 600.04 

or. 601.01 
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Figure 80 
TIMING FOR SHIFT RIGHT 



OPERATION: SHIFT LEFT al 



CONTROL TIKE PUL8E9 
23*56781234 



PROGRAM 

TIMING 



OPERATION 
TIMING 



PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 



BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGISTER TO BUS 

SUBTRACT: A-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

iPRODUCT SION 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEW! 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BU8 TO OUTPUT -DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

0LEAB STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DISI. 



GT 102.02 
GT 102.03 
OT I03.OI 
GT 10J.02 
GT 10^.01 
GT 10^.02 
GT 201.01 
GT 201.02 
GT 203.02 
GT 203.03 
GT 305.OI 
OT 305.02 
GT 601.01 



OT 102.01 
GT 102.02 
GT 103.02 
GT 203,01 
GT 203..O? 
GT 203.03 
GT 301.01 
GT 301.02 
GT 30I. OU . 
GT 301.05 
GT 302.02 
GT 392...03 
OT 302. Qli 
GT 302.20. 
OT 303. 08 
GT 3plf.O^ 
OT .30^.05 
GT 30^07 
OT 3Qlt,Qg 
W 3P6..01. 
T? 397.01 
FP 307.O? 
FF 308.01 

OT 309.06. 

GT 500.01 . 

OT- 6oo.o4 . 

OT 601.01. 



_JL X 

_X JL 

J. X 
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X 
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_X X X 

X X x_ 

X X 

X X 
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X X x_ 

_X X _x 

X x_ 

X X 

I. X X X 
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X x_ 

X X 

X x_x x_ 

IZZZZZZZZIZZ 

: X 

X 

IZZZ_ZZZxZZZ 

IZZZZZZZZZIZ 
IZZZZZZZZZIZ 

IZZZZZZZIZZZ 



DELAY 1/2 
DELAY 1/2 



DELAY 1/2 



DELAY 1/2 



Figure 81 
TIMING FOR SHIFT LEFT 



OPERATION; SUBPROGRAM 



ep 



CONTROL TIKE PULSES 
23^5678123^ 



PROGRAM 
TIMING 



OPERATION 
TIMING 



PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUS 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REOISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 



BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGI3TER 

A-REGISTER TO BUS 

SUBTRACT: A-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SIGN 

ACCUMULATOR SIGN t 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUB TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST. 



GT 102.02 
GT 102.03 
GT 103.01 
GT 103.02 
GT 10^. 01 
GT 10^.02 
GT 201.01 
GT 201.02 
GT 203.02 
GT 203.03 
GT 305.OI 
GT 305.02 
GT 601.01 



GT 102.01 
GT 102.02 
GT 103.02 
GT 203.01 
GT 203.02 
GT 203.03 
GT 301.01 
GT 301.02 
GT 30I. Ot 
GT 301.05 
GT 302.02 
GT 302.03 
GT 302. OU 
GT 302.20 
GT 303.OS 
GT 30U.0^ 
GT 30^.05 
GT 30^.07 
GT 304.0S 
FF 3Q6.01 
FF 307.01 
FF 307.02 
FF 308.01 
GT 309.O6 
GT 500.01 
GT 600. 04 
GT 601.01 
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DELAY 1/2 
DELAY 1/2 



DELAY 1/2 



DELAY 1/2 



Figure 82 
TIMING FOR SUBPROGRAM 



operation: 



COMPARE 



op 



CONTROL TIKE PULSES 
123*567812 3^ 



PROGRAM 
TIMING 



OPERATION 
TIMIHO 



PROGRAM COUNTER TO BUS 

PROa. COUNTER TO CHECK REGISTER 

BUS TO PROORAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUS 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUB 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUUTER 

TRANSFER CHECK 



BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUB 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGISTER TO BUS 

SUBTRACT: A-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SION 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT LEFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHBCK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-RBGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY. 

STOP CLOCK PULSES TO TIME DISS.. 



GT 102.02 
GT 102.03 
OT 103.01 

at 103.02 

OT 10U..01 
GT 10^.02 
OT 201.01 
GT 201.02 
GT 203.02 
OT 203.03 
GT 305.OI 
OT 305.02 
OT 6OI.OI 



GT 102.01 
GT 102.02 
GT 103,02 
GT 2Q3.01 
GT 203.02 
GT 203.03 
GT 301,01 
GT 301.02 
GT 3OI.04 
OT 301.05 
OT 302.02 
GT 302.03. 
GT 302...04 
GT 302.2O 
OT 303. Qg 
GT 3OU.04 
OT 3Q4.05 
GT 304.6.7 
GT 30^O« 
FF 306.01 

FF 307^01 
FF 307,02 
FP 308»Q1 
OT 309.0$ 

or 500^01 
OT .60Q.0U 

OT 601^01 



DELAY 1/2 
DELAY 1/2 



DELAY 1/2 



MMY l/2f 



Figure 83 
TIMING FOR CONDITIONAL PROGRAM 



OPERATION: TRANSFER DIGITS td 



CONTROL TIKE PULSES 
2 3*5678123* 



PROGRAM 
TIMING 



OPERATION 
TIMING 



PROORAM COUNTER TO BUS 
PROG. COUNTER TO CHECK REGISTER 
BUS TO PROORAM REGISTER 
PROORAM REGISTER TO BUS 
BUS TO CONTROL SWITCH 
CONTROL SWITCH TO BUS 
BUS TO STORAGE SWITCH 
STORAGE SWITCH TO BUB 
STORAGE READOUT 
STORAGE TO CHECK REGISTER 
BUS TO STEP COUNTER 
STEP COUNTER TO BUS 
BUS TO CHECK REGISTER 
START DELAY COUNTER 
ADD TO PROGRAM COUNTER- 
CLEAR CONTROL SWITCH 
CLEAR STORAGE SWITCH 
CLEAR A-REOISTER 
CLEAR PROORAM REGISTER 
CLEAR; STEP COUNTER 
TRANSFER CHECK 



BUS TO PROORAM COUNTER 

PROORAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-HEOISTER 

A-REGI3TER TO BUS 

SUBTRACT: A-REOISTER TO ACCUM. 

ADD: A-REOISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SIGN 

ACCUMULATOR SIGN 

A-REOISTER SIGN 

COMPARE 

MULTIPLY 

8HIB LEFT 

SHIFT RtGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHEOC 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CfcEAR B-REGISTER 

CLEAR BtoRAGF 

OLEAP PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIKE DtSI. 
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DELAY ,1/2 
DELAY 1/2 



DELAY 1/2 



DELAY 1/3 



Figure 84 
TIMING FOR TRANSFER DIGITS 



OPERATION: 8PE0TAI, API) on 



CONTROL TIKE PULSES 
125*567-818-3* 



PROGRAM 
TIMING 



OPERATION 
TIMING 



PHOQRAM COUNTER TO BUS OT 102.02 

PROG. COUNTER TO CHECK REGISTER QT 102.03 
BUS TO PROGRAM REGISTER OT 103.01 

PROGRAM REGISTER TO BUS OT 103.02 

BUS TO CONTROL SWITCH OT 104.01 

CONTROL SWITOH TO BUS OT 104.02 

BUS TO STORAGE SWITCH OT 201.01 

STORAGE SWITCH TO BUS OT 201.02 

STORAOE READOUT OT 203.02 

STORAGE TO CHECK REGISTER OT 203-03 
BUS TO STEP COUNTER OT 305.OI 

STEP COUNTER TO BUS OT 305.02 

BUS TO CHECK REGISTER OT 601.01 

START DELAY COUNTER 
ADO TO PROGRAM COUNTER 
CLEAR CONTROL SWITCH 
CLEAR STORAOE SWITCH 
CLEAR A-REOISTER 
CLEAR PROGRAM REGISTER 
CLEAR STEP COUNTER 
TRANSFER CHECK 



BUS TO PROGRAM COUNTER OT 102.01 

PROGRAM COUNTER TO BUS OT 102.02 

PROGRAM REGISTER TO BUB GT 103,02 

BUS TO STORAGE OT 203-01 

STORAGE READOUT OT 203.02 

STORAGE TO CHEOK REGISTER GT 203. QJ 

BUS TO A-REOISTER OT 301.0.1 

A-REGISTER TO BUS OT 301.02 
SUBTRACT: A-REGISTER TO ACOUM. GT 301.04 
ADD: A-REOISTER TO ACCUMULATOR OT 301.05 

ACCUMULATOR TO BUS OT 302.02 
ACCUMULATOR TO CHECK REGISTER GT 302.03 

ACCUMULATOR TO B-RE0I8TKR OT 3Q2.0> 

CARRY OT 302.20 

ROUNDOFF . OT 3O3.OS 

PRODUCT SIGN OT 304,O4 

ACCUMULATOR SIGN OT 3Q4.Q5 

A-REGISTER SIGN OT JOKQI 

COMPARE M 30U.08 

MULTIPLY W 366.01 

shift lira: w 30.7.01 

SHIFT RIGHT ft 307.02 

DIVIDE fl? 308.01 

SPECIAL ADD OT 303.06 

BUS TO OUTPUT - DISPLAY GT 5QQ.Q1 

ARITHMETIC CHECK : OT &2Q.04 

BUS TO CHECK: REGISTER 09 6Q1.01 

CLEAR ACCUMULATOR 

CLEAR B-REOISTER 

CLEAR STORAOE 

CLEAR PROGRAM COUNTER 

SPECIAL; CARRY 

STOP CLOCK PULSES; TO TIME DIST, 



D&LAY 1/2 
DELAY 1/2 



DELAY 1/2 



DELAY l/£. 



Figure 85 
TIMING FOR SPECIAL ADD 



OPERATION; STORE AND DISPLAY sd 



CONTROL TIME PULSES 
12345673 123^ 



PROGRAM 
TIMING 



OPERATION 

TIMING 



PROGRAM COUNTER TO BUS 

PROG. COUNTER TO CHECK REGISTER 

BUS TO PROGRAM REGISTER 

PROGRAM REGISTER TO BUS 

BUS TO CONTROL SWITCH 

CONTROL SWITCH TO BUB 

BUS TO STORAGE SWITCH 

STORAGE SWITCH TO BUB 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO STEP COUNTER 

STEP COUNTER TO BUS 

BUS TO CHECK REGISTER 

START DELAY COUNTER 

ADD TO PROGRAM COUNTER 

CLEAR CONTROL SWITCH 

CLEAR STORAGE SWITCH 

CLEAR A-REGISTER 

CLEAR PROGRAM REGISTER 

CLEAR STEP COUNTER 

TRANSFER CHECK 



BUS TO PROGRAM COUNTER 

PROGRAM COUNTER TO BUS 

PROGRAM REGISTER TO BUS 

BUS TO STORAGE 

STORAGE READOUT 

STORAGE TO CHECK REGISTER 

BUS TO A-REGISTER 

A-REGISTER TO BUS 

SUBTRACT: A-REGISTER TO ACCUM. 

ADD: A-REGISTER TO ACCUMULATOR 

ACCUMULATOR TO BUS 

ACCUMULATOR TO CHECK REGISTER 

ACCUMULATOR TO B-REGISTER 

CARRY 

ROUNDOFF 

PRODUCT SIGN 

ACCUMULATOR SIGN 

A-REGISTER SIGN 

COMPARE 

MULTIPLY 

SHIFT. LIFT 

SHIFT RIGHT 

DIVIDE 

SPECIAL ADD 

BUS TO OUTPUT - DISPLAY 

ARITHMETIC CHECK 

BUS TO CHECK REGISTER 

CLEAR ACCUMULATOR 

CLEAR B-REGISTER 

CLEAR STORAGE 

CLEAR PROGRAM COUNTER 

SPECIAL CARRY 

STOP CLOCK PULSES TO TIME DIST. 



OT 102.02 
GT 102.03 
GT 103.01 
GT 103.02 
GT 104.01 
GT 104.02 
GT 201.01 
GT 201. D2 
GT 203.02 
GT 203.03 
GT 305.OI 
GT 305.02 
GT 601.01 



GT 102.01 
GT 102.02 
GT 103.02 
GT 203.01 
GT 203.02 
GT 203.03 
GT 301.01 
OT 301.02 
GT 301. 04 
GT 301.05 
GT 302.02 
GT 302.03 
OT 302.04 
OT 302.20 
GT 303.OS 
GT 304.04 
GT 304.05 
GT 304.07 
GT 3p4.0g 

PF 306.01 

ft 307.01 
FF 307.02 
T? 308.01 
OT 309.06 
GT 500.01 
GT 600.04 
GT 601.01 
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DELAY 1/2 
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DELAY 1/2 



Figure 86 
TIMING FOR STORE AND DISPLAY 



UHIT CODE NUMBERS 
100 Control 

101 Master Olooi 

102 Program Counter 
10J Program Register 

104 Control Switch 

105 Operation Matrix 

10b Time PulBe Distributor 

107 Operation Timing Matrix 

108 Program Timing Matrix 

109 Repeat Swltoh - (Removed from Syetfcm) 

POO Storage 

SOI Switch 

£02 Toggle Swltoh Storage 

203 PI 1 " Plop Stroage 



300 Arlth»ttlo Klenen 

301 A-Regleter 

302 Accumulator 

303 B-Reglster 

304 Sign Control 
3dS 9t *P Counter 
■W6 Multiply 
i(07 Shift 

308 Divide 

1*00 Input 
500 Output 
600 Oheoklng 

601 Oheefc Banister 



LETTE R SYMBOLS 

AG Afloumulator 

BA Suffer Amplifier 

BO Binary £oder 

BD Bus Driver 

DE Delay Element 

£3 Electronic Swltoh 

FD Frequency Divider 

FF Flip Flop 

QT Oate Tube Circuit 

IC Intensity Control Clroult 

PF Pulse Forming Olroult 

ST Storage Tube 

TO trigger Pulse JJeneratnr 

TP .liming £ulse Generator 

TT Trigger Tube 



DRAWING SYMBOLS 
i». Single Channel Line 



-^L 



-& 



Multiple Channel Line 



J— • 



Braooh Connections 
^Indicating Direction 
^ of Flow of Data 



Figure 87 
PARALLEL DIGIT COMPUTER CODES 
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